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The heat -stable enterotoxins are a family of low molecular weight, 
cysteine rich peptide toxins which are one of the major causes of watery 
diarrhea in children and adults. These toxins bind to a cell surface 
receptor in intestinal cells and mediate their action through elevation of 
intracellular cyclic GMP. We have generated a monoclonal antibody to these 
peptide toxins which is able to neutralise the activity of the peptides in 
a human. colonic cell line, the T84 cell line. The monoclonal antibody, 
ST:G8, appears to be directed to an epitope distinct from antibodies 
previously generated, and prior incubation of this antibody, or Fab 
generated from this antibody, with full length STh and STp peptides 
prevents cGMP accumulation in T84 cells. This inhibition is a direct result 
of the antibody preventing binding of the peptides to the receptor. ST:G8 
Mab does not recognize a 13-mer biologically active analog of STp, 
comprising the core sequence of STp peptide, suggesting that it is directed 
to a region in the N-terminus of the peptides, which may modulate receptor 
interaction/activation. The antibody recognizes a conformational epitope in 
the ST peptides, since reduction and carboxyamidation of ST abolishes 
antibody cross-reactivity. Differential cross-reactivity of the Mab with 
STh and STp peptides, which differ markedly only in their N- termini, 
suggests that this antibody recognizes a distinct conformation in the two 
peptides, which is essential for receptor interaction. 
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The entire extracellular domain of the human heat -stable enterotoxin (ST) 
receptor as well as a truncated N-terminal domain were cloned as 
glutathione S-transf erase fusion proteins and expressed in Escherichia 



coli. The recombinant fusion proteins were purified from both the cytosol 
and the inclusion body fractions by selective detergent extraction followed 
by glutathione-agarose affinity chromatography. The purified protein, 
corresponding to the entire extracellular domain, bound the stable toxin 
peptide with an affinity comparable to that of the native receptor 
characterized from the human colonic T84 cell line. No binding was observed 
with the N- terminal truncated fragment of the receptor under similar 
conditions. Polyclonal antibodies were raised to the entire extracellular 
domain fusion protein as well as the truncated extracellular domain fusion 
protein, and the antibodies were purified by affinity chromatography. 
Addition of the purified antibodies to T84 cells inhibited ST binding and 
abolished ST-mediated cGMP production, indicating that critical epitopes 
involved in ligand interaction are present in the N-terminal fragment of 
the receptor. Purified antibodies recognized a single protein of M-r 
160,000 Da on Western blotting with T84 membranes, corresponding to a size 
of the native glycosylated receptor in T84 cells. These studies are the 
first report of the expression, purification, and characterization of any 
member of the guanylyl cyclase family of receptors in E. coli and show that 
binding of the toxin to the extracellular domain of the receptor is 
possible in the absence of any posttranslational modifications such as 
glycosylation. The recombinant fusion proteins as well as the antibodies 
that we have generated could serve as useful tools in the identification of 
critical residues of the extracellular domain involved in ligand 
interaction. 
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Heat-stable enterotoxins (ST) activate guanylyl cyclase in T84 cells, 
rapidly and specifically. Activation is monitored by cGMP production and 
occurs at lower concentrations of ST than required for eliciting fluid 
accumulation in suckling mice. Atrial natriuretic factor (ANF) neither 
activates guanylyl cyclase nor modulates the response to ST in T84 cells, 
indicating the absence of receptors for ANF on T84 cells. Monitoring the 
production of cGMP under conditions known to alter fluid accumulation in 
suckling mice is an accurate and quantifiable assay of ST activity and its 
interaction with the receptor. STs produced by Escherichia coli, Vibrio 
cholerae non-01 and Yersinia enterocolitica individually produce elevated 
levels of cGMP in T84 cells, but to differing extents, suggesting that this 
model system can be used to elucidate the different events of ST-receptor 
interactions at the molecular level . 
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RPROJ/CRISP The primary control point for transepithelial electrolyte 
transport is CI- secretion across the apical membrane. Several types of 
external receptors, coupled to a variety of effector systems (CAMP, Ca2+, 
CGMP, PKC) mediate CI- secretion. Cystic fibrosis (CF) is characterized by 
abnormal CI- secretion in epithelial cells, with some regulatory pathways 
affected and others preserved. CAMP -dependent CI- secretion, induced by 
CAMP kinase-mediated phosphorylation of cystic fibrosis transmembrane 
conductance regulator (CFTR) , is affected in CF. Ca2+- dependent Cl- 
secretion, induced by CaM kinase-mediated phosphorylation of an independent 
Cl- channel, is preserved in CF. Delineation of CI- transport pathways which 
are preserved in CF presents potential targets for therapeutic 
intervention. The overall goal of this proposal is, therefore, to 
investigate other regulatory pathways of Cl- secretion that may ultimately 
serve to bypass the CF defect. The techniques employed will be patch clamp 
recording, supplemented by spectrof luorimetry and 1125 efflux assays, of 
normal and CF-derived airway and intestinal epithelial cell lines. The 
specific aims include the investigation of 1 i) CGMP -dependent Cl- 
secretion: to characterize currents mediated by heat stable enterotoxin 
(ST) in intestinal cells and by CPT-CGMP in airway cells; by use of 
coexpression of the ST receptor and CFTR in nonepithelial cells, to 
determine whether the pathway is CF- affected. ii) PKC-dependent Cl- 
secretion: to determine by immunoblot the specific PKC isoforms expressed 
in epithelial cells; to characterize PKC-dependent regulation of Cl- 
transport; to determine status in CF. iii) purinoreceptor pathway of Cl- 
secretion; to determine the predominant receptor subtype by which adenosine 
and ATP analogues stimulate secretion; to investigate the responsible 
effector system; to determine status in CF. 
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Abstract : 

In vitro methods of determining whether or not an individual has 
metastasized colorectal cancer cells are disclosed. In vitro methods of 



• # 

determining whether or not tumor cells are colorectal in origin are 
disclosed. In vitro kits for practicing the methods of the invention and to 
reagents and compositions useful to practice the methods, for example as 
components in such in vitro kits of the invention are provided. Methods of 
and kits and compositions for analyzing tissue samples from the colon 
tissue to evaluate the extent of metastasis of colorectal tumor cells are 
disclosed. 
Exemplary Claim: 

1 . An in vitro method of determining whether or not an individual has 

metastasized colorectal cancer cells comprising the steps of examining a 
sample of extraintestinal tissue and/or body fluids from an individual 
to determine whether ST receptor protein is being expressed by cells in 
said sample, wherein expression of ST receptor protein is indicative of 
the presence of metastasized colorectal cancer cells in said sample. 
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Abstract (Basic) : WO 9511694 A 

Anew conjugated cpd. (I) comprises (1) an ST receptor binding 
moiety and (2) an active moiety which is a radiostable agent. ('ST 1 
refers to heat-stable toxin produced by E.coli and other organisms.) 
Also claimed are pharmaceutical compsns. and methods of treatment or 



radioimaging of metastasized colorectal cancer using (I) ; and a method 
of delivery of a nucleic acid molecule to intestinal tract cells using 
(I) in which the active moiety is the nucleic acid. Also claimed is an 
in-vitro method of determining whether or not an individual has 
metastasized colorectal cancer cells, or of determining whether a 
tumour cell is a colorectal tumour cell, both methods involving 
determining whether ST receptor protein is expressed by cells in a 
sample. Further claimed is a kit for carrying out the determination. 

USE - (I) are used in methods for the detection, imaging and 
treatment of colorectal tumours, particularly metastasized tumours. 

ADVANTAGE - The claimed cpds . may be used for the early diagnosis 
and treatment of large bowel cancer, improving the prognosis of an 
individual with the disease. Recent approaches involving the specific 
targeting of agents to tumour cells using monoclonal antibodies have a 
number of associated problems. The present invention allows specific 
binding to colorectal cancer cells which may improve methods of imaging 
and treating metastasized forms of said cells. 
Dwg.0/0 

Abstract (US) : 9712 US 5601990 A 

An in vitro method of determining whether or not an individual has 
metastasized colorectal cancer cells comprises examining a sample of 
extra- intestinal tissue and/or body fluids from an individual to 
determine whether ST receptor protein is being expressed by the cells 
in the sample, where the expression of ST receptor protein is 
indicative of the presence of metastasized colorectal cancer cells in 
the sample. 

Dwg.0/0 9626 US 5518888 A 

A method of imaging metastasised colorectal cancer cells in an 
individual comprising the steps of: 

a) administering into the circulatory system of said individual, a 
diagnostically effective amount of a pharmaceutical composition 
comprising: 

i) a pharmaceutically acceptable carrier or diluent, and, 

ii) a conjugated compound comprising: 

1) a ST receptor binding moiety; and, 

2) an active moiety; 

wherein said ST receptor binding moiety is a heat stable (ST) 
toxin peptide having less than 25 amino acids or fragments or 
derivatives thereof, wherein said heat stable toxin, fragments or 
derivatives thereof specifically bind to the ST receptor, and said 
active moiety is an imaging agent which can be detected in said 
individual's body; and 

b) detecting localization and accumulation of said imaging agent 
in said individual's body. 
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Abstract: The effects of somatotropin (ST) on functions of porcine corpora 
lutea (CL) during pregnancy were investigated. Twenty- four crossbred 
(Yorkshire/Landrace) gilts from d 30 to 43 of pregnancy were injected 
daily with 5 mg of recombinant porcine somatotropin (rpST; n = 12) or 1 
mL of saline (control, n = 12) . Blood was collected on d 30, 37, and 43 
for analyses of plasma progesterone. Gilts were killed on d 44 of 
pregnancy, and mRNA were isolated from CL, ovary, and liver. Messenger 
RNA expression for LH receptor, FSH receptor, ST receptor, 3 
beta-hydroxysteroid dehydrogenase (3 beta-HSD) , and cytochrome P-450 
side- chain cleavage enzyme (SCO were measured. Liver, CL, and ovary 
contained a 4.7-kb mRNA of ST receptor, but the liver contained more 
mRNA for ST receptor than did CL or ovary (.97 +/- .18, .47 +/- .04, 
and .25 +/- .04 units, respectively). There were two variants of LH 
receptor mRNA in CL (6.8 and 4.4 kb) . The CL also contained a 1.8-kb 
mRNA of SCC and a 1.7-kb mRNA of 3 beta-HSD. No FSH receptor mRNA was 
detected in CL of the pig. The rpST treatment did not affect the mRNA 
level of ST receptor, 3 beta-RSD, SCC, or 4.4-kb mRNA of the LH 
receptor. The 6.8-kb mRNA for the LH receptor was decreased (P < .05) 
by rpST (.56 +/- .04 vs .78 +/- .05 units). Furthermore, concentrations 
of plasma progesterone decreased (P < .001) in gilts treated with rpST. 
Decreased luteal function was associated with decreased expression of 
LH receptor in rpST-treated gilts. The luteotropic effects of ST 
observed in vitro dq not necessarily occur in vivo when gilts are 
administered rpST during pregnancy. 
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Abstract: The heat-stable enterotoxins (ST) elaborated by enterotoxigenic 
Escherichia coli are a family of small cysteine-rich peptides that bind 
to specific epithelial receptors in the mammalian intestine, causing a 
secretory diarrhea. The expression of ST receptors is tightly 
regulated; they are found primarily in intestine, and their expression 
is development ally modulated. One receptor for ST has been cloned, and 
its cDNA encodes a similar. to 120-kDa particulate guanylyl cyclase 
(guanylyl cyclase-C) . Recent studies suggest that there are additional 
ST receptors that are not homologous to guanylyl cyclase-C. We used an 



expression cloning strategy to identify intestinal mRNAs that lead to 
expression of ST receptor activity in transfected cells. Using an 
ST-specific affinity panning system, we identified a novel 1891-base 
pair cDNA that does not encode a receptor protein, but instead, 
consists primarily of untranslated sequence. This cDNA induced receptor 
activity in both COS and 293 embryonic kidney cells. Northern analysis 
of the T84 human intestinal cell line, from which this cDNA was cloned, 
suggests that it is part of a 7.8 kilobase mRNA transcript. This 
transcript was also identified in human small intestine and colon, as 
well, as in several extraintestinal tissues. Functional analysis of 
subcloned fragments reveals that ST binding activity is induced by a 
457 -base pair human Alu repetitive sequence within the cDNA and that 
the phenoytpe is independent of orientation. These findings suggest 
that a human Alu element induces expression of a unique ST receptor by 
a transacting mechanism. An unrelated Alu- rich genomic clone did not 
confer ST binding, suggesting that there may be structural and 
functional specificity within individual Alu sequences. 
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Abstract: The heat stable enterotoxins (ST) of enterotoxigenic Escherichia 
coli (ETEC) cause diarrhoea by binding specific intestinal receptors. 
Precise histochemical localization of ST receptors could provide more 
information about the pathophysiology of secretory diarrhoea and the 
role of ST receptors in normal biology. To accomplish this, we 
quantitatively coupled biotin to the N- terminus of STlb using 
biotin-X-X-N-hydroxysuccinimide ester. The derivatized toxin (BST) has 
an apparent K(d) of 11.7+/-10 nM for rat brush border receptors. We 
used BST in an affinity panning cell-capture system, to validate its 
ability to discriminate between receptor-positive and receptor-negative 
cells. Cell lines expressing ST receptors (human colon carcinoma T84, 
and COS cells transfected with guanylyl cyclase-C (GC-C) ST receptor 
cDNA) were captured to streptavidin and anti-biotin-coated plates with 
high efficiency and specificity. This system provides a novel approach 
to screening cells for the presence of unique ST-binding proteins. BST 
was then used with streptavidin-gold to demonstrate the cellular 
topography of ST receptors at the light microscopic level. Villus 
enterocytes were intensely stained, but only a faint signal was 
observed in upper crypts of rat small intestine. Thus, a gradient of 
increasing receptor density was seen as upper crypt cells matured into 
villus enterocytes. Higher magnification revealed that ST receptors 
are . concentrated at the apical aspect of villus enterocytes. Recently, 
guanylin, a putative endogenous ligand for ST receptors, has been 
localized to Paneth cells, at the base of intestinal crypts. Thus, ST 
receptors are concentrated in villus enterocytes, while guanylin 



appears to be produced at the base of the crypts. This topographical 
arrangement suggests that there are autocrine or paracrine pathways by 
which ST receptors interact with endogenous ligands. 
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To characterize Ser-1029 in STaR at a consensus sequence of 
phosphorylation site by PKC, two mutants of mS1029A with replacement of 
Ser-1029 to Ala-1029 and C-DELTA-1029 lacking 22 amino acids including 
Ser-1029 were prepared. Preincubation of the wild type-STaR (wt-STaR) 
transfectant with 1 mu-M PMA caused additional STa-mediated guanylyl 
cyclase (GC) activation compared to control, whereas the mS1029A- and 
C-DELTA-1029-transf ected cells did. not show a similar enhanced GC 
activation by PMA. After metabolic labeling with (32P) phosphate, 
transfected cells with wt-STaR and mutants were incubated with 1 mu-M PMA. 
Subsequent 32P-radiolabeled proteins were immunoprecipitated using 
ant i- STaR antibody, and analyzed by autoradiography after separation on 
SDS-PAGE. The immunoprecipitated wt-STaR but not mS1029A and C-DELTA-1029 
had a significant radioactivity. These results suggest that the effect of 
PMA on wt-STaR- transf ectants may be caused by phosphorylation of Ser-1029. 
The C-DELTA-1012 mutant, with further truncation (Gln-1012-Phe-1050) of the 
carboxy terminus, did not show STa-mediated GC activation. Based on these 
data, these 17 amino acids (Gln-1012-Ala-1028) , essential for signaling of 
GC activation by STa, have an abundance of basic amino acids which might be 
functionally influenced by phosphorylation of Ser-1029. 



8/7/2 (Item 2 from file: 5) 

DIALOG (R) File 5: BIOSIS PREVIEWS (R) 
(c) 1997 BIOSIS. All rts. reserv. 

12079922 BIOSIS Number: 98679922 

Potent immunogenicity of the B subunits of Escherichia coli heat -labile 

enterotoxin: Receptor binding is essential and induces differential 

modulation of lymphocyte subsets 

Nashar T 0; Webb H M; Eaglestone S; Williams N A; Hirst T R 

Research School Biosciences, University Kent, Canterbury, Kent CTG2 7NJ, 

UK 

Proceedings of the National Academy of Sciences of the United States of 
America 93 (1). 1996. 226-230. 

Full Journal Title: Proceedings of the National Academy of Sciences of 
the United States of America 

ISSN: 0027-8424 

Language : ENGLISH 

Print Number: Biological Abstracts Vol. 101 Iss. 006 Ref. 080203 
The importance of receptor binding in the potent immunogenicity of 
Escherichia coli heat -labile enterotoxin B subunit (EtxB) was tested by 



comparing its immunogical properties with those of a receptor binding 
mutant, EtxB (G33D) . Subcutaneous immunization of EtxB (G33D) resulted in 
160- fold reduction in antibody titer compared with wild- type EtxB, whereas 
its oral delivery failed to provoke any detectable secretory or serum 
anti-B subunit responses. Moreover, the two proteins induced strikingly 
different effects on lymphocyte cultures in vitro. EtxB, in comparison with 
EtxB (G33D) , caused an increase in the proportion of B cells, many of which 
were activated (CD25+) ; the complete depletion of CD8+ T cells; an increase 
in the activation of CD4+ T cells; and an increase in interleukin 2 and a 
decrease in interferon gamma. These data indicate that EtxB exerts profound 
effects on immune cells, suggesting that its potent immunogenicity is 
dependent not only on efficient receptor-mediated uptake, but also on 
direct receptor-mediated immunomodulation of lymphocyte subsets. 
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We report here the molecular characterization of a recombinant cell line 
(293-STaR) expressing the heat -stable enterotoxin receptor (STaR) from 
human intestine. We have compared the 293-STaR cell line with the human 
colonic cell line T84 that endogenously expresses STa binding sites. 
Scatchard analysis of displacement binding studies revealed a single STa 
binding site with an affinity (Ki) of 97 pM in 293-STaR compared with 55 pM 
in T84 cells. Saturation isotherms of STa binding gave a Kd of 94 pM for 
the cloned receptor expressed in 293 cells and 166 pM for the receptor 
present in T84 cells. Kinetic measurements of STa binding to 293-STaR gave 
an association rate constant, Kl, of 2.4 .times. 108 M-l min-1 and a 
dissociation rate constant, K2 , of 0.016 min-1. The half-time of 
dissociation was 43 min, and the Kd calculated from the ratio of the 
kinetic constants was 67 pM. The pH profile of STa binding showed that the 
number of STa binding sites is increased 3-fold at pH 4.0 compared with pH 
7.0, with no effect on binding affinity. A polyclonal antibody directed 
against the extracellular domain of STaR immunoprecipitated two proteins of 
approximately 140 and 160 kDa from both 293-STaR and T84 cells. 
Cross-linking of 1251-STa to 293-STaR cells resulted in the labeling of 
proteins with a molecular mass of approximately 153, 133, 81, 68, 56, and 
49 kDa, the two smallest being the more abundant. Similar results have been 
reported for the STaR present on rat brush border membranes. These data 
suggest that the STaR-guanylyl cyclase identified by molecular cloning is 
the only receptor for STa present in T84 cells. 
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HUMAN MAJOR HISTOCOMPATIBILITY COMPLEX CLASS- II -NEGATIVE COLON CARCINOMA 
CELLS PRESENT STAPHYLOCOCCAL SUPERANTIGENS TO CYTOTOXIC T LYMPHOCYTES 
EVIDENCE FOR A NOVEL ENTEROTOXIN RECEPTOR 
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Full Journal Title: European Journal of Immunology 
Language : ENGLISH 

The staphylococcal enterotoxins (SE) bind to major histocompatibility 
complex (MHC) class II molecules on target cells and activate T cells 
expressing particular T cell receptor V.beta. sequences. In this report we 
demonstrate that SE bind to the MHC class II- SW620, Colo320DM and WiDr 
human colon carcinoma cell lines and direct cytotoxic T lymphocytes (CTL) 
to mediate strong target cell killing. Flow cytometry analysis, 
immunoprecipitation and Northern blotting experiments failed to demonstrate 
any surface expression of HLA-DR, HLA-DP and HLA-DQ isotypes on the SW620 
colon carcinoma cell line, whereas abundant expression of these isotypes 
was seen on Raji cells. SEB and SEC1 were efficiently presented at 
picomolar concentration by the MHC class II- colon carcinoma cells and MHC 
class 11+ Raji cells, whereas SEA and SED were preferentially presented on 
the MHC class 11+ Raji cells. An anti-HLA-DR monoclonal antibody inhibited 
SEB- induced CTL targeting to Raji # but did not influence the killing of 
SW620 cells. Our data suggests the existence of functionally active 
SE 7 binding structures on human colon carcinoma cells which are distinct 
from the conventional MHC class II molecules. The possibility that these 
putative new SE receptors play a role in the enterotoxin action of SE must 
be considered. 



8/7/5 (Item 5 from file: 5) 

DIALOG (R) File 5:BI0SIS PREVIEWS (R) 
(c) 1997 BIOSIS. All rts . reserv. 

5665670 BIOSIS Number: 33060691 
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The significance of Serl029 of the heat -stable enterotoxin receptor 
(STaR) : Relation of STa-mediated guanyl cyclase activation and signaling by 
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To characterize Serl029 in STaR at a consensus sequence of 
phosphorylation site by PKC, two mutants of mS1029A with replacement of 
Serl029 to Alal029 and CDeltal029 lacking 22 amino acids including Serl029 
mere prepared. Preincubation of the wild type- STaR (wt-STaR) transfectant 
with 1 microM PMA caused additional STa-mediated guanylyl cyclase (GC) 
activation compared to control, whereas the mS102 9A- and 
CDeltal029-transf ected cells did not show a similar enhanced GC activation 
by PMA. After metabolic labeling with ( 3 2P) phosphate, transf ected cells 
with wt-STaR and mutants were incubated with 1 microM PMA. Subsequent 
32P-radiolabeled proteins were immunoprecipitated using anti-STaR antibody, 
and analyzed by autoradiography after separation on SDS-PAGE. The 
immunoprecipitated wt-STaR but not mS1029A and CDeltal029 had a significant 
radioactivity. These results suggest that the effect of PMA on wt-STaR 
transf ectants may be caused by phosphorylation of Serl029. The CDeltal012 
mutant, with further truncation (Glnl012-Phel050) of the carboxy terminus, 
did not show STa-mediated GC activation. Based on these data, these 17 
amino acids (Glnl012-Alal028) , essential for signaling of GC activation by 
STa, have an abundance of basic amino acids which might be functionally 
influenced by phosphorylation of Serl029. 
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To characterize Ser super (1029) in STaR at a consensus sequence of 
phosphorylation site by PKC, two mutants of mS1029A with replacement of Ser 
super (1029) to Ala super (1029) and C Delta 1029 lacking 22 amino acids 
including Ser super (1029) were prepared. Preincubation of the wild 
type-STaR (wt-STaR) transfectant with 1 mu M PMA caused additional 
STa-mediated guanylyl cyclase (GC) activation compared to control, whereas 
the mS1029A- and C Delta 1029-transf ected cells did not show a similar 
enhanced GC activation by PMA. After metabolic labeling with [ 
super (32) P] phosphate, transfected cells with wt-STaR and mutants were 
incubated with 1 mu M PMA. Subsequent super (32) P-radiolabeled proteins 
were immunoprecipitated using anti-STaR antibody, and analyzed by 
autoradiography after separation on SDS-PAGE. The immunoprecipitated 
wt-STaR but not mS1029A and C Delta 1029 had a significant radioactivity. 
These results suggest that the effect of PMA on wt-STaR transf ectants may 
be caused by phosphorylation of Ser super (1029) . The C Delta 1012 mutant, 
with further truncation (Gin super (1012) -Phe super(1050)) of the carboxy 
terminus, did not show STa-mediated GC activation. Based on these data, 
these 17 amino acids (Gin super (1012) -Ala super (1050) ) , essential for 



signaling of GC activation by STa, have an abundance of basic amino acids 
which might be functionally influenced by phosphorylation of Ser 
super (1029) . 
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The heat-stable enterotoxin STa of E. coli causes diarrhea by binding to 
and stimulating intestinal membrane -bound guanylyl cyclase, triggering 
production of cyclic GMP. Agents which stimulate protein kinase C (PKC) , 
including phorbol esters, synergistically enhance STa effects on cGMP and 
secretion. We investigated whether PKC causes phosphorylation of the STa 
receptor in vivo and in vitro. Immunoprecipitation of the STa 
receptor-guanylyl cyclase was carried out from extracts of T84 colon cells 
metabolically labelled with [32P] -phosphate using polyclonal anti-STa 
receptor antibody. The STa receptor was phosphorylated in its basal state, 
and 32P content in the 150 kDa holoreceptor band increased 2-fold in cells 
exposed to phorbol ester for 1 h. In vitro, immunopurif ied STa receptor was 
readily phosphorylated by purified rat brain PKC. Phosphorylation was 
inhibited 40% by 5 microM of a synthetic peptide corresponding to the 
sequence around Serl029 of the STa receptor, a site previously proposed as 
a potential PKC phosphorylation site. Treatment of the immunopurif ied 
STaR/GC with purified PKC increased STa- stimulated guanylyl cyclase 
activity 2 -fold. We conclude that PKC phosphorylates and activates the STa 
receptor/guanylyl cyclase in vitro and in vivo; Serl029 of the STaR/GC 
remains a candidate phosphorylation site by PKC. 
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The heat -stable enterotoxins are a family of low molecular weight, 
cysteine rich peptide toxins which are one of the major causes of watery 
diarrhea in children and adults. These toxins bind to a cell surface 



receptor in intestinal cells and mediate their action through elevation of 
intracellular cyclic GMP. We have generated a monoclonal antibody to these 
peptide toxins which is able to neutralise the activity of the peptides in 
a human colonic cell line, the T84 cell line. The monoclonal antibody, 
ST:G8, appears to be directed to an epitope distinct from antibodies 
previously generated, and prior incubation of this antibody, or Fab 
generated from this antibody, with full length STh and STp peptides 
prevents cGMP accumulation in T84 cells. This inhibition is a direct result 
of the antibody preventing binding, of the peptides to the receptor. ST:G8 
Mab does not recognize a 13-mer biologically active analog of STp, 
comprising the core sequence of STp peptide, suggesting that it is directed 
to a region in the N- terminus of the peptides, which may modulate receptor 
interaction/activation. The antibody recognizes a conformational epitope in 
the ST peptides, since reduction and carboxyamidation of ST abolishes 
antibody cross-reactivity. Differential cross-reactivity of the Mab with 
STh and STp peptides which differ markedly only in their N- termini, 
suggests that this antibody recognizes a distinct conformation in the two 
peptides, which is essential for receptor interaction. 
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Guanylin is an endogenous mammalian ligand which binds to guanylate 
cyclase C (GC-C) , the Escherichia coli heat-stable enterotoxin receptor. 
This interaction results in intestinal CI- and fluid secretion, which is 
largely, if not exclusively, mediated through the cystic fibrosis 
transmembrane regulator (CFTR) . Using in situ hybridization, we have 
previously localized guanylin mRNA to villus epithelial cells of the rat 
small intestine and to superficial epithelial cells of the rat colon. In 
the present study, we demonstrate immunoreactive guanylin in a 
subpopulation of goblet cells in the rat jejunum and ileum. In the colon, 
there was immunostaining of superficial epithelial cells and goblet cells. 
The immunohistochemical localization of guanylin parallels the observed 
distribution of guanylin mRNA. Localization of guanylin in goblet cells 
leads us to speculate that an in vivo function of guanylin regulated, 
CFTR-mediated CI- secretion is to hydrate intestinal mucin. 
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Guanylyl cyclase C is an N-linked glycoprotein receptor that accounts for 
multiple heat- stable enterotoxin-binding proteins in the intestine. 
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Guanylyl cyclase C (GC-C) is a newly discovered receptor found in the 
intestine, and possibly in other epithelia, that binds bacterial 
heat -stable enterotoxins (STa) . The receptor has now been stably expressed 
in human embryonic 293 cells, which do not normally contain the receptor. 
Cyclic GMP concentrations are elevated 40-fold in response to 1 microM STa, 
and membranes obtained from the overproducing cells contain GC-C activity 
that can be stimulated about 9-fold by STa alone and an additional 1.4- to 
2 -fold by a combination of ATP and STa. The ATP effect does not appear to 
be due to enzyme activation, but instead to protection of GC-C against 
inactivation. Antibody raised against the carboxyl- terminal sequence of 
GC-C identified two major proteins (M(r) 140,000 and 160,000) in 293 cells 
expressing GC-C. Both proteins bound to wheat germ lectin-Sepharose, and 
N-glycosidase F treatment converted both forms to a single M(r) 120,000 
protein, the size predicted from amino acid composition. The addition of 
high concentrations of tunicamycin to 293 -GC-C cells also reduced the M(r) 
to 120,000, indicating that GC-C is an N-linked glycoprotein. When rat 
intestinal membranes or 293-GC-C cells were cross-linked with 1251-labeled 
STa, the major 1251-labeled protein complexes had M(r) ranging between 
45,000 and 80,000. On immunoblots of rat intestinal membranes treated with 
a reducing agent, 3 major proteins of M(r) 65,000, 85,000, and 140,000 were 
specifically recognized by a GC-C antibody. However, under nonreducing 
conditions one major GC-C related protein appeared at a higher position 
(M(r) 230,000). Its mobility was reduced in the presence of STa, similar to 
rCG-C expressed in 293 cells. These data indicate that at least part of the 
lower M(r) STa-binding proteins found in intestinal extracts represent 
proteolytic products of GC-C. 
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Staphylococcal toxic shock syndrome toxin- 1 (TSST-1) as well as 
staphylococcal enterotoxin A (SEA) and B (SEB) have recently been shown to 
bind directly to the class II major histocompatibility antigen, HLA-DR. 
Whereas others have characterized TSST-1 and SEA binding to HLA-DR on 
transfected L cells or B lymphoma cell lines, we sought evidence for direct 
binding of TSST-1 and SEA to HLA-DR on purified human monocytes. A single 
class of high-affinity receptors was found for both TSST-1 (dissociation 
constant (Kd) 40 nM, 3.4 x 10(4) receptors per cell) and SEA (Kd 12 nM, 3.2 
x 10(4) receptors per cell) on normal human monocytes. Affinity 



cross-linking of 1251-labeled toxins to monocytes revealed the presence of 
two membrane protein subunits with molecular masses consistent with the 
alpha and beta chains of human HLA-DR (35 and 28 kDa, respectively) . The 
anti-HLA-DR monoclonal antibody L243, but not L203 or 2.06, inhibited 
radiolabeled toxin binding to human monocytes and neutralized the mitogenic 
response of human T lymphocytes to both toxins. However, L243 was 
consistently more effective in blocking radiolabeled TSST-1 than SEA 
binding to human monocytes from the same donors, suggesting that TSST-1 and 
SEA may be binding to overlapping epitopes rather than to the same epitope 
on HLA-DR. Because TSST-1 and SEB bind to distinct epitopes on HLA-DR and 
because SEA cross competes with both TSST-1 and SEB on the HLA-DR receptor, 
we postulate that SEA occupies a binding site within HLA-DR that overlaps 
both TSST-1 and SEB. (ABSTRACT TRUNCATED AT 250 WORDS) 
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We have investigated the binding of 125 I -staphylococcal enterotoxin-B 
(SEB) in cultured human proximal tubular cells. We found that the binding 
of 125I-SEB to PT cells was time and concentration dependent and 
competitively inhibited by antibody against SEB. Preincubation of cells 
with trypsin and neuraminidase or with fetuin did not significantly impair 
the binding of 125 I -SEB to such cells. In contrast, treatment with 
endoglycoceramidase completely inhibited the binding of 125I-SEB to cells. 
Neutral glycosphingolipids exerted a concentration-dependent inhibition of 
125I-SEB binding to such cells, maximum inhibition (96% compared to 
control) occurred upon incubation of PT cells with neutral 
glycosphingolipids. Taken together, our studies indicate that SEB 
specifically binds to a neutral glycosphingolipid in PT cells. In contrast, 
staphylococcal enterotoxin-A and toxic shock toxin (TST-1) are bound to a 
protein in such cells. 
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To study the expression of human intestinal receptors for enterotoxigenic 
Escherichia coli (ETEC) , the human polarized intestinal epithelial cell 
line Caco-2 in culture and several subpopulations of HT-29 cells in 
culture- -parental (mainly undifferentiated) HT-29 cells (HT-29 Std) , an 
enterocytelike subpopulation obtained by selection through glucose 
deprivation (HT-29 Glc-) , and an enterocytelike subpopulation obtained by 
selection through glucose deprivation which maintains its differentiation 
characteristics when switched back to standard glucose-containing medium 
(HT-29 Glc-/+) --were used. Since Caco-2 spontaneously differentiated in 
culture under standard culture conditions (in the presence of glucose) and 
HT-29 cells were undifferentiated when cultured under standard conditions 
(HT-29 Std) and differentiated when grown in a glucose -free medium (HT-29 
Glc-), we studied the expression of the receptors for colonization factor 
antigens (CFA) I, II, and III and the 2230 antigen of ETEC in relation to 
enterocytic differentiation. We provide evidence that expression of ETEC 
CFA receptors develops in parallel with other differentiation functions of 
the cultured cells. The expression of ETEC-specif ic brush border receptors 
was studied by indirect immunofluorescence using antibodies raised against 
purified ETEC CFA. No ETEC receptors were detected in HT-29 Std or 
short -term- cultured Caco-2 cells. However, among the population of HT-29 
Std cells, 2 to 4% of the cells were found to bind ETEC, and these cells 
expressed positive carcinoembryonic antigen immunoreactivity . This 
indicated that among the population of undifferentiated HT-29 cells, 
clusters of differentiated cells were present. ETEC CFA receptors were 
expressed in the apical and basolateral domains of differentiated HT-29 
cells, whereas in differentiated Caco-2 cells only apical expression was 
observed. Both in HT-29 cells (HT-29 Glc-/+) and in Caco-2 cells cultured 
under standard conditions, ETEC CFA receptors develop as a function of day 
in culture. This indicated that the expression of the ETEC CFA receptors 
was a growth-related event. Indeed, ETEC CFA receptors developed in step 
with the apical expression of differentiation-associated proteins. 
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In staphylococcal toxic shock syndrome, hypotension and shock due to 
capillary leak may rapidly lead to death of the host. To investigate its 
pathogenesis, the cytotoxic effects of toxic shock syndrome toxin 1 
(TSST-1) on porcine aortic endothelial cells (PAEC) were examined in vitro. 
TSST-1 killed PAEC (as measured by 51Cr release) in a dose- and 



time -dependent fashion and was blocked by anti-TSST-l antibodies. 
Receptor-mediated endocytosis may be critical for the cytotoxic effects of 
TSST-1, as killing was inhibited by cold (4 degrees C) and by addition of 
chloroquine and methylamine. Furthermore, calcium and oxygen appeared 
necessary for TSST-1 effects on PAEC. Membrane receptor binding studies 
indicated PAEC bind TSST-1 with high affinity (Kd = 5.7 x 10 (-7) M) and had 
2.2 x 10(4) receptors/cell. Last, as measured by 1251-labeled albumin flux 
in a transendothelial permeability model, TSST-1 enhanced the permeability 
of PAEC monolayers in a dose- and time-dependent manner. 
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Hybridomas secreting monoclonal antibodies (MABs) specific for 
Clostridium perfringens type A enterotoxin were produced by fusion of 
P3X63Ag8.653 myeloma cells with spleen cells from BALB/c mice immunized 
with purified enterotoxin. Wells containing hybridomas secreting 
immunoglobulin G (IgG) antibodies against enterotoxin were specifically 
identified by an indirect enzyme-linked immunosorbent assay (ELISA) , and 10 
ELISA-positive hybridomas were selected and cloned twice by limiting 
dilution. All 10 hybridomas produced MABs containing immunoglobulin Gl 
heavy chains and kappa (kappa) light chains. These hybridomas were then 
grown as ascitic tumors in mice, and MABs were purified from the ascites 
fluids with DEAE Affi-gel blue. The specificity of the MABs for enterotoxin 
was demonstrated by immunoblotting and ELISA. Competitive radioimmunoassay 
with 1251-MABs suggests that these MABs recognized at least four epitopes 
on the enterotoxin molecule. The enterotoxin-neutralizing ability of MABs 
from both hybridoma culture supernatants and ascites fluids was assessed by 
using a 3H-nucleotide-release Vero (African green monkey kidney) cell 
assay. Only 2 of the 10 hybridomas produced MABs which completely (greater 
than 90%) neutralized the biologic activity of enterotoxin. Preincubation 
of 1251-enterotoxin with MABs demonstrated that MAB neutralizing ability 
correlated with MAB- specific inhibition of specific binding of enterotoxin 
to intestinal brush border membranes. 
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Staphylococcal enterotoxins (SE) activate human T cells in vitro. This 
requires the presence of Ia+ accessory cells but does not require 
processing of the toxin by the accessory cell. We and others have recently 
demonstrated direct binding of SE to human MHC class II molecules. In this 
study, we have compared in detail the ability of class II molecules to bind 
two SE, , toxic shock syndrome toxin- 1 (TSST-1) and SEB. Scatchard analysis 
of equilibrium binding data indicate that SEB binds to Ia+ human cell lines 
with a 10-fold lower affinity than TSST-1. Likewise, SEB precipitates 
HLA-DR alpha- and beta-chains from detergent lysates of Ia+ cells less 
efficiently than TSST-1. The binding of TSST-1 and SEB to transfected L 
cells expressing HLA-DR and HLA-DQ gene products was differentially 
inhibited by anti-HLA-DR mAb. There was virtually no cross-inhibition of 
TSST-1 and SEB in competitive binding assays. We conclude that TSST-1 and 
SEB bind to two MHC class II sites which can be distinguished by their 
relative accessibility to blocking by anti-class II mAb and heterologous 
toxin. 
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The staphylococcal enterotoxin B (SEB) -induced immediate -type skin 
reaction in unsensitized monkeys was used as a nonimmunological mast cell 
stimulus to examine whether the toxin exerts its effect via specific 
receptors on the target cell membrane. Anti -idiotypic antibodies (anti- Id) 
were raised in BALB/c mice against monoclonal anti -SEB antibodies 
(anti -SEB) and purified by idiotype affinity chromatography. The anti- Id 
nature of the antibody was demonstrated by its ability to inhibit the 
binding of 1251-labeled anti-SEB to the ligand in a concentration-dependent 
manner. Moreover, binding of anti-SEB to anti- Id was antagonized by the SEB 
ligand in a competitive way. These antibodies completely abolished skin 
reactions in unsensitized monkeys on challenge with SEB and impeded those 
provoked by staphylococcal enterotoxins A and CI but did not have the 
biological activity of the toxin. These data are compatible with the view 
that receptors for staphylococcal enterotoxins may exist on the membrane of 
mast cells in the skin of unsensitized monkeys. The data suggest an 
experimental approach for producing anti -cell receptor antibodies that are 
of potential value to influence the course of staphylococcal 
enterotoxin-mediated effects. 
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Colonizing and anti E. coli activity of S. faecium M74 was tested by oral 
inoculation of cesarean derived, colostrum deprived piglets with 
Streptococcus faecium M74 and subsequently with a heat stable enterotoxin 
(ST) producing E. coli (O101 : K30 : K99 : NM) . Enterotoxin neutralization 
and co-culture studies were also performed in vitro. Bacterial counts in 10 
cm ileal segments, fluorescein antibody stained cryostat sections, as well 
as 0.5 micron sections from the ilea of the experimental pigs taken 16 
hours post exposure to enterotoxic E. coli (ETEC) all indicated that S. 
faecium M74 could not colonize the ileum of the newborn pigs, in a single 
high (7 X 10(8) - 3 X 10(10)) dose either in TSB or in milk suspension, in 
contrast to the ETEC. However, S. faecium given in milk suspension resulted 
a marked decrease in ileal colonization of ETEC and in weight loss of 
piglets. In vitro experiments indicated that neither extracellular nor 
cell-bound products of S. faecium M74 could neutralise ST, but there was a 
significant reduction of pH in the TSB cultures of S. faecium that was 
accompanied by a reduction in ETEC counts of the mixed cultures. 
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RPROJ/CRISP The proposed research is aimed at defining fundamental 
mechanisms responsible for the development and function of the CD4 T-cell 
subset. We propose studies to define the mechanisms of intrathymic 
commitment to the CD4 lineage, alternative signalling pathways coupled to 
TCR ligation of CD4 cells by superantigen or conventional antigen and the 
role of the CD4 molecule in regulating the response of these cells to TCR 
ligation. <SA1- Our approach to defining the mechanism of CD4 commitment 
uses thymocytes from mice deficient in a class I I -dependent instructional 
signal. We propose experiments to test the hypothesis that committed CD4 
transitional thymocytes are generated stochastically and require a CD4- 
dependent signal for further development. <SA2,3- We have obtained 
considerable evidence that two functionally distinct signal transduction 
pathways are coupled to the TCR using dual- reactive (superantigen/peptide) 
CD4 clones. We propose to further define the biochemical elements of the 
two pathways and to delineate the interaction between the TCR and the two 
types of ligand that may be coupled to the two signalling pathways. <SA4- 



We propose studies to extend our analyses of unresponsiveness in 
dual -reactive CD4 clones to the more physiological response of primary CD4 
T-cells. One approach uses primary CD4 cells which express the 2B4 TCR 
transgene. These cells display the differential response phenotype- after 
stimulation in vitro by superantigen (anergy) and peptide antigen 
(responsiveness) noted in earlier studies of dual-reactive CD4 clones. We 
will use this system to define the cellular and molecular mechanism of 
superantigen- induced unresponsiveness in primary CD4 cells. A second set of 
studies examines the mechanism of negative signalling by the CD4 molecule 
in primary CD4 T cells. We propose to define the contribution of the 
cytoplasmic (CYT) domain of the CD4 molecule to negative signalling in 
experiments which compare the regulatory effects of CD4- derived CYT 
domains with CD8-derived CYT domains. <SA5- Recognition of Staph 
enterotoxins (SEs) by CD4 T cells is usually associated with presentation 
of these ligands by class II products. We have recently identified a 
subgroup of SEs which represent exceptions to this rule. We propose studies 
to distinguish the potential antigen-presenting role of non-class II 
SEC/SEE receptors from the role of direct TCR ligation by these SEs. 
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Abstract (Basic) : US 5237051 A 

A new purified, isolated protein has a biological property of 
binding heat stable enterotoxin and has guanylyl cyclase activity, the 
protein contg. a single putative transmembrane domain and an 
intracellular portion including a protein kinase domain and a cylase 
catalytic domain, the protein being derived from a clone pSVL-GCC 
deposited as ATCC 68482. 

More specifically, the protein has the amino acid sequence 
shown or is encoded by a DNA which is capable of hybridising to a DNA 
encoding the amino acid sequence shown under moderately stringent 
washing conditions. 

USE - The protein is an enterotoxin receptor which can be 
used as a therapeutic to control intestinal fluid permeation as well as 
abnormal conditions caused by bacterially released enterotoxin. In 
partic, the binding domain of the protein or antibodies to the protein 
can be used to eliminate diarrhoea. The protein can also be used to 
isolate ligands and to screen for antagonists of toxin binding. Dwg. 
0/5 
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Abstract: Soluble guanylyl cyclase is a heterodimeric (alpha, beta) enzyme 
generating the second messenger, cGMP, upon activation by the gaseous 
messenger, nitric oxide. The occurrence and distribution of alpha(l)-, 
alpha(2)-, beta(l)- and beta (2) -subunits were investigated in 
trigeminal and dorsal root ganglia on the mRNA and the protein level. 
Reverse transcription PCR analysis demonstrated mRNA coding for 
alpha(l)-, alpha(2)-, and beta (1) -subunits in guinea-pig trigeminal and 
dorsal root ganglia. In agreement with these data, immunoreactivity to 
the alpha (1) -subunit was found in satellite and Schwann cells, while 
alpha (2) -subunit immunoreactivity was localized to axons of large 
diameter. The distribution of the beta (1) -subunit could not be studied 
on the protein level since the antiserum was ineffective in 
immunohistochemistry . However, previous studies and the RT-PCR data 
argue in favour of alpha (1) /beta (1) - and 

alpha (2) /beta (1) -heterodimerizat ion and colocalization. In both 
species, beta (2) -subunit immunoreactivity was confined' to neuronal 
perikarya, primarily of large diameter. Although these results were 
obtained with two different antibodies directed against different 
epitopes, the corresponding mRNA could not be detected by RT-PCR 
analysis The reason for this discrepancy remains unclear, at present, 
but could be explained by a variant beta (2)- or highly homologous as 
yet unidentified beta-subunit . This study demonstrates the presence of 
soluble guanylyl cyclase in sensory ganglia with a differential, cell 
type-specific distribution of the individual subunits. 
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Abstract: The staphylococcal enterotoxins (SE) bind to major 

histocompatibility complex (MHC) class II molecules on target cells and 
activate T cells expressing particular T cell receptor 
V-beta- sequences . In this report we demonstrate that SE bind to the 
MHC class II- SW620, Colo320DM and WiDr human colon carcinoma cell 
lines and direct cytotoxic T lymphocytes (CTL) to mediate strong target 
cell killing. Flow cytometry analysis, immunoprecipitation and 
Northern blotting experiments failed to demonstrate any surface 
expression of HLA-DR, HLA-DP and HLA-DQ isotypes on the SW620 colon 
carcinoma cell line, whereas abundant expression of these isotypes was 
seen on Raji cells. SEB and SECl were efficiently presented at 
picomolar concentration by the MHC class II- colon carcinoma cells and 
MHC class 11+ Raji cells, whereas SEA and SED were preferentially 
presented on the MHC class 11+ Raji cells. An anti-HLA-DR monoclonal 
antibody inhibited SEB- induced CTL targeting to Raji, but did not 
influence the killing of SW620 cells. Our data suggests the existence 
of functionally active SE-binding structures on human colon carcinoma 
cells which are distinct from the conventional MHC class II molecules. 
The possibility that these putative new SE receptors play a role in the 
enterotoxin action of SE must be considered. 
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